In recent years, a large number of nucleotide sequences have become available for plant 19 species by the advent of massive parallel sequencing. The use of genomic data has been 20 important for agriculture, food science, medicine or ecology. Despite the increasing amount of 21 data, nucleotide sequences are usually available in public databases as isolated records with 22 some descriptive information. Researchers interested in studying a wide range of specific 23 plant families are forced to do multiple searches, sequence downloads, data curation and 24 sequence alignments. In order to help researches overcoming these problems, we have built a 25 comprehensive on-line resource of curated nucleotide sequence alignments for plant research, 26 named PlantAligDB (available at http://plantaligdb.portugene.com). The latest release 27 incorporates 514 alignments with a total of 66,052 sequences from six important genomic 28 regions: atpF-atpH, psbA-trnH, trnL, rbcL, matK and ITS. The alignments represent 223 29 plant families from a variety of taxonomic groups. The users can quickly search the database, 30 download and visualize the curated alignments and phylogenetic trees using dynamic 31 browser-based applications. Different measures of genetic diversity are also available for each 32 plant family. We also provide the workflow script that allows the user to do the curation 33 process, explaining the steps involved. Overall, the PlantAligDB provides a complete, quality 34 checked and regularly updated collection of alignments that can be used in taxonomic, DNA 35 barcoding, molecular genetics, phylogenetic and evolutionary studies. 36 37 Keywords 38 DNA sequences, Multiple sequence alignments, Plant families 39 region-family were calculated using Tamura-Nei model using Geneious Tree Builder. The 130 methodology was built in Armadillo Workflow (http://www.bioinfo.uqam.ca/armadillo/) to 131 automate the update process of the database. The latest release update of June 2018 132 incorporates 514 alignments and phylogenetic trees, from 223 plant families. 133 134 Conservation measures 135 The database includes two measures of sequence conservation for each alignment: 136 percentage of identical sites (PIS), calculated by dividing the number of identical positions in 137 the alignment for an oligonucleotide by its length and the percentage of pairwise identity 138 (PPI), calculated by counting the average number of pairwise matches across the positions of 139
Introduction 40
The recent development of high-throughput sequencing technologies has significantly 41 increased the number of nucleotide sequences available in public databases (Egan et al. 2012; 42 Feuillet et al. 2011) . Complete genome sequences are now accessible in public databases 43 (e.g., EnsemblPlants) (https://plants.ensembl.org/index.html) for the analysis and visualisation 44 of genomic data for an ever-growing number of plants, such as Beta vulgaris, Prunus persica 45
and Citrus sinensis, among many others. Sequences from individual genes or gene regions 46 have also been deposit in public databases as a result of international initiatives. For instance, 47 the DNA barcoding project has released thousands of sequences aiming at species 48 identification and taxonomic classification of plants, mostly from the chloroplast DNA 49 (cpDNA) protein-coding genes rbcL and matK [CBOL Plant Working Group' -(Group et al. 50 2009; Hollingsworth et al. 2011)] . The plastid trnL (UAA) intron is another good example of 51 a cpDNA region highly represented in sequence databanks (Taberlet et al. 2007) . 52
Several web-based databases are available for plant genome sequences, usually 53 dedicated to a single species or a genomic feature [e.g., (Lai et al. 2012; Meyer et al. 2005; 54 Numa & Itoh 2014; Sakai et al. 2013) ]. However, most nucleotide sequences are accessible in 55 public databases as isolated records with simple descriptive information (taxonomy, 56 geography, publications, etc. 
Data curation 90
We retrieved all nucleotide sequences of different genomic regions from the NCBI 91 Entrez Nucleotide database (http://www.ncbi.nlm.nih.gov) using the Geneious software 92 (Drummond 2009). Different combinations of search terms (e.g. 'gene name'; viridiplantae'; 93 'chloroplast'; 'gene'; 'complete') and a maximum limit of 5000 bp as sequence length were 94 used in searches to retrieve the largest number of sequences. The selection was done by 95 eliminating sequences showing one or more of the following features: a) ambiguous name 96 description; b) sequences with high number of nucleotide ambiguities (>50%); c) sequences 97 with large stretches of the region missing (>50%). After a preliminary curation of the data, we 98 selected five cpDNA regions and one nuclear DNA region, which were the most represented 99 in the NCBI database, commonly used in phylogenetic studies for being relevant and 100 informative. The six genomic regions were named according to the gene regions where they 101 are located: atpF-atpH (ATPase I subunit -ATPase III subunit), psbA-trnH [Photosystem II 102 32 kDa protein -tRNA-His (GUG)], trnL [tRNA-Leu (UAA)], rbcL (rubisco large subunit), 103 matK (maturase K) and ITS (internal transcribed spacer). We then removed from the datasets 104 all redundant sequences belonging to the same species and sequences without a clear species 105 assignment. We also reverse complement the sequences that were found in the opposite 106 direction. The sequence orientation for each region is that of the most commonly found in the 107 NCBI database. Therefore, the orientation of the trnL (UAA), atpF-atpH and rbcL regions are 108 the same of that used in the reference cpDNA sequence of Nicotiana tabacum 109 (NC_001879.2), while the opposite orientation is used for regions psbA-trnH and matK. The 110 target region named ITS in our database includes the internal transcribed spacer 1, 5.8S rRNA 111 and internal transcribed spacer 2 section of the nuclear ribosomal DNA. 112
Because a high number of sequences were detected for the trnL (UAA) region (more 113 than 50,000 hits), we used the external regions named "C" and "D" and the internal regions 114 6 named "G" and "H" by (Taberlet et al. 2007) Therefore, our database includes two datasets for the trnL (UAA) genomic region: the 'trnL 119 CD' target region with a length of 577 bp in N. tabacum, and the 'trnL GH' with a length of 120 78 bp in N. tabacum, located inside the trnL CD region. All information regarding the selected 121 target regions can be found in the Genomic Regions section of the PlantAligDB. 122
The nucleotide sequences of the six regions were organized by family according to the 123 NCBI taxonomy and were aligned (each region and family in separated alignments) using the 124 default parameters of the MUSCLE software (Edgar 2004) running in the Geneious software. 125
The alignment was repeated in some families after excluding sequences that do not cover the 126 entire region of interest and that had large stretches of nucleotide ambiguities. We only used 127 alignments with ten or more species per family to build the PlantAligDB. The database is being regularly updated by our team and currently includes 514 158 alignments and phylogenetic trees from seven target regions: atpF-atpH, psbA-trnH, trnL CD, 159 trnL GH, rbcL, matK and ITS ( The multiple sequence alignment and phylogenetic tree can be visualized by clicking in the 171 number of species present in the alignment. 172 173
Genetic diversity 174
The PIS values in our current dataset vary from 0.16% to 99.07% (Table 2) . was less conserved with an average of 28.84% (Table 2) . Our results are in accordance with 183 earlier studies where atpF-atpH and psbA-trnH were found to be more variables than matK 184 (Lahaye 2008). The trnL CD regions showed values slightly more conserved than atpF-atpH 185 [Figure 2 c) and a)]. The lowest PPI value (69.96%) was found in psbA-trnH region [ Figure 2  186 b)] and the highest was 100% in trnL GH, as shown in Figure 2 d) and Table 2 . The ITS 187 region was less conserved with an average of 87.21% [Table 3 and Figure 2 g) ], while the 188 trnL GH was the most conserved with an average of 97.09% [ Table 3 To explore a genomic region, a researcher must start by accessing the 'Genomic 207
Regions' section in the menu bar. For example, by selecting psbA-trnH, the user will find a 208 brief description of the genomic region and the name, size and position of that region in the 209 reference genome, and the families with available alignments. The user should select the 210 'Taxonomic Groups' section in the menu bar to search for a specific plant family. Then, 211 through the search tool on the right side of the page, the user can type the name of the family 212 and a dynamic table will be displayed with the number of sequences for each region. The user 213 can also access a hyperlink with the description of the family and taxonomic tree using the 214 12 Meyer S, Nagel A, Gebhardt C (2005) 
